into three bathymetric and tectonic basins, the Southern, Central, and Northern Basins. The Central
Basin is the deepest basin reaching more than 16CX) m below lake level and having up to 7.5 km of sediments. The scientific objectives of the OBS experiment were:
To determine the depth to Moho under the Central and Northern Basin in order to resolve whether Moho is elevated under the rift.
To determine P and S wave velocities for the lower crust and upper mantle in order to identify the role of magma upwelling under the rift.
To compare among the crustal velocity structures of the Central and Northern Basins/ the Academician Ridge, and published velocity structure outside the rift in order to understand the contribution of the preexisting crustal rheology to the development of the rift.
To determine the velocity of the deep (> 5 km) sedimentary section observed on multichannel seismic records in order to assist in their geological interpretation.
OPERATIONAL OBJECTIVES
To test two new OBS spheres and their electronics.
To test several recent improvements to the OBSs including hydrophone connectors, variable sampling rate, backup power supply for release, and time calibration by GPS.
To make multiple deployments with a minimum turn around time off a modest size ship.
To test the release and natural buoyancy of the OBS in a fresh water lake.
To carry out the entire operation off a foreign ship with foreign power supply and foreign radio communication.
To maintain good communication with the personnel on board the R/V Balkhash at all times in order to maximize the number of deployments and minimize the effect on the collection of multichannel seismic reflection data.
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THE USGS OCEAN BOTTOM SEISMOMETERS
The Ocean Bottom Seismometer (OBS) is a self-contained data-acquisition system that is deployed on the ocean floor to record wide-offset seismic data on a 200 Megabyte disk. The US Geological Survey OBS has been designed as a continuous recording system setup to acquire signals from one vertical 4.5 Hertz geophone, two orthogonal horizontal 4.5 Hertz geophones, and one hydrophone. The software controlling the system can select any combination of these four channels to sample at 200 samples/second, providing a record time of 36 hours for all four channels. Once during each acquisition of data into the memory buffer (1,015,808 bytes), the system will record the time of the sample. The time and the data pointer for that time are recorded into a header mat gets recorded with each memory buffer of data. There are eight OBS's. Four are housed in small (51 cm in diameter) spheres rated for a depth of up to 500 meters, and the other four OBS's are housed in large (61 cm in diameter) spheres rated to 5,000 meters. Each OBS is powered using 72 alkaline batteries which will run all of the systems for seven days.
The OBS's record data continuously and have time-of-day marks in the data as the only reference to external events. To provide the highest possible accuracy, time is recorded to the nearest millisecond. Each OBS uses an oven-controlled oscillator as a stable clock reference, for which the drift in time can be as little as 0.5 milliseconds/day. This accuracy requires several days of careful calibration and the use of a rubidium (Rb) standard as a reference for the oscillators. All eight OBS data loggers are continuously powered using a 24 volt DC power supply to keep the oscillators at a constant temperature. Prior to each deployment, the frequency of each oscillator is checked and, if necessary, recalibrated. The time-of-day is set via software in each logger using the minute pulse of the GPS satellite clock as a starting trigger. When locked on a satellite, the time is accurate to within 100 nanoseconds, and the Rb standard can used to maintain an accurate time when satellite coverage is not adequate. The offset from GPS time is determined by comparing the second pulse of the data logger with the second pulse of the GPS clock. After each deployment, the offset is measured again to determine the total drift.
The dataloggers in each OBS use a 200 Megabyte hard disk to store the acquired data. The data must be transferred to another storage media each time an OBS is retrieved. A 386 PC with 2.2 gigabytes of hard disk and an exabyte tape drive is used to archive the data. Data are downloaded from the data logger onto the hard disk of the PC. The quality of the data is checked using two programs. One program reads, displays, and checks the header information of each data record. The program will report any errors found. The second program graphically displays the sensor data for Deployment and recovery are simple operations designed to work on a variety of different vessels. The OBS's are programmed, sealed, and stored on deck prior to deployment. When at the point of deployment, the release is tested a final time, and the OBS is then attached to its anchor.
The preferred method of deployment uses a winch to lift the OBS and anchor and an A-frame to move the assembly outboard of the ship. The OBS is then lowered to the water surface where a simple rope loop and metal pin is used to release the OBS into the water and freefall to the bottom. An acoustic release is used to free the OBS from its anchor. Once released, the OBS rises to the surface at a rate of 1 meter/second. At the surface, two externally mounted strobes will flash to aid in sporting the floating OBS. The OBS is attached to the lifting line using a snap hook mounted on a pole, and/ once the OBS is lifted back aboard, the release is recocked to turn off the strobes. The large OBS and anchor weigh 250 Ibs. in air, so the requirements for lifting are not much. A block and tackle are often used (as in this experiment) when no winch is available.
NARRATIVE

Pre-deployment
All of the OBS equipment plus 40 anchors and 3200 alkaline batteries were packed into a standard 20 foot shipping container and sent out in early April as part of a 3-container shipment to Lake Baikal. The equipment arrived in Listvyanka in mid-July. The OBS technician and a translator, arrived in early August to nmobilize the OBS and to assist in mobilizing the multichannel/shooting ship (the R/V Balkash). Prior to embarkation a plywood shack was constructed on board the R/V Titov to serve as the OBS laboratory (see Appendix 6). The experiment took place during the short Siberian automn. The weather throughout the experiment was mild/ with the exception of one severe snow storm on September 5-7, and continued rough seas and cold weather in the following week. Air temperature varied between 0°-15° C, and the water temperature was estimated at 5°-10°C wind speed was generally 5-15 m/s and waves 0.5-1.5 m high.
The R/V Titov left the pier of the Limnological Institute in Listvyanka on August 30 at 14:30 local time (9 hours ahead of GMT) following loading of the scientific gear on board that morning.
Although the first OBS deployment was scheduled 5 days later, an early departure was necessary, to avoid vandalism in port and to complete sea-going preparation of the ship and its crew. The Titov initially headed south to Baikalsk, on the Trans-Sibirian railroad, to stock on food, but because the late departure meant the supplier will close before arriving at Baikalsk, the R/V Titov changed directions and headed north toward the Selenga delta to rendezvous with the R/V Balkhash. The (Fig. 1) . Deployment of all OBSs was successful and uneventful. The good weather during the previous days turned into high wind and waves as we deployed the last two OBSs (Cl and C9, Fig. 1 ).
Deployment was completed at 20:23 and the Titov headed back to Listvyanka and arrived there on 9/4 at 02:30 LT. The R/V Balkhash arrived at Listvyanka on the evening 9/2 to allow for personal errands of the ship's chief engineer and was scheduled to leave the next evening and start shooting on 9/4 at 12:00 LT. To our surprise, the captain of the Balkhash refused to leave port, citing a bad weather forecast. The R/V Titov left Listvyanka on 9/4 at 16:00 LT to refuel in Port Baikal. The sea was fairly calm. At 18:00 LT the Titov returned to Listvyanka and I walked over to the Balkhash in another failed attempt to bring the Russian chief scientist on board, to convince the captain to immediately start shooting the OBS line. At 19:00 LT the Titov left for Pesjanaya Bay. On the afternoon of the next day (9/5) the weather deteriorated and rain and sleet began to fall.
Nevertheless, an attempt was made at 17:00 LT to recover the southernmost OBS, but as the wind and wave directions were perpendicular to one another, it was impossible for the Titov to keep station.
The Titov returned to Pesjanaya Bay at 21:00 LT where she was well protected from the weather.
Only during 9/6 did the wind reach gale storm. Wind was blowing first from the northwest and later from the south and raised columns of water. OBS retreival started on 9/7 10:45 LT when the weather improved some, although it was still "too severe" for the much larger Balkhash to work. All 7 OBSs were collected by Sept.8 04:00 LT. They all responded immediately to the release command and had
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Deployment 2 (Central Basin)
At the northern end of the line we turned to redeploy the OBS along the same line (OBS1, After leaving Khushir we headed north to start the third deployment along OBS lines 2 and 3 ( Fig. 1 ). hours of rough passage across the lake, the R/V Titov rendezvoused with the R/V Balkhash in the sheltered water off Olkhon Island (under Mt. Burkhan). Attempts were made during the afternoon and evening to convince the Russian chief scientist to start shooting Line 3 before the recording time is over at 10:00 LT the next day. Although the sea was calm, the chief scientist did not order his crew to deploy the guns citing that he already promised them the night off. The R/V Titov left the sheltered water at 9/15 06:00 LT to retrieve all remaining OBSs. Retrieval was completed at 20:18 LT and all instruments were found to have recorded data during the shooting of Line 2. The lengthy retrieval was due to the circuitous route that the captain took in order not to be caught in potentially bad weather in the middle of the lake. But by the time retrieval was completed the sea was calm.
The Titov was anchored for the night off Zunduk in Maloy More. In summary, off 7 OBS locations on Lines 2 and 3, data were only recorded for shots along Line 2 (4 instruments on line and 3 instruments off line). In addition, the southeastern 14 km of Line 1 were not shot for unknown reason. the Balkhash, and scientists on board the Balkhash gave different shooting speed (4 and 3.25 knots respectively) we waited till 9/18 08:00 LT to start retrieving. Our request was to shoot at 3.25 knots to achieve a 200 m spacing between shot points. However, the Balkhash opted to record the shots of the big guns using the multichannel streamer, requiring that the line be shot at 4 knots to maintain streamer buoyancy. Communication with Balkhash was established at 10:00 LT when the Balkhash transmitting response signals during a pre-deployment test on board but was deployed since the release mechanism functioned. It is hypothesized that both problems were due to a grounding problem. The retrieval of all OBS was completed on 9/18 20:27 LT and the Titov anchored for the night at Zunduk. On the morning of 9/19 the Titov went to Khushir to buy cigarettes for the Balkhash and try to refuel. However, cigarettes were expensive and a hose could not be found to pump fuel from an adjacent ship.
Deployment 5 (Central Basin)
Continuous, but unsuccessful attempts were made during the 9/19 to contact the Balkhash on the HF radio to find the start time for shooting the northern end of OBS linel (named OBS1A along line 92-13). The Titov could not afford to approach the Balkhash in order to establish VHP radio communication because of lack of fuel. Decision was made to wait in the channel separating Olkhon
Island and Olkhon peninsula ("Olkhon Gate") and start deploying at midnight for an anticipated start of shooting at 9/21 10:00 LT. The OBSs had already been programmed to start recording at that time but at 19:00 LT we received a weather forecast predicting a storm overnight. We gambled and aborted deployment and reprogrammed the OBS to start recording 24 hours later. The Titov also moved to the sheltered water off the northern end of Olkhon Island in the hope of getting within VHP range from the Balkhash. Attempts to communicate with the Balkhash continued throughout the night and early morning of 9/20 and finally by 08:00 LT, the Balkhash came on the air and informed that indeed as of 03:00 LT the streamer and gun were ordered by the Captain to be pulled in because of bad weather. By midday the sea calmed and the weather was fine. Unable again to communicate with the Balkhash, a decision was made to reprogram the OBS for the earliest possible recording time, 9/21 03:00 LT. The R/V Vereschagin came alongside in the sheltered water at 14:00 LT, supplied the Titov with 2 tons of diesel oil, and delivered a telex. problem, but could not be found on the surface. After comparing notes it was found that the captain wrote down the wrong coordinates during deployment and navigated the ship back to these erroneous coordinates. The Titov sailed to the correct location, 3.7 km to the north, and the OBS was found and retrieved. The release of the fourth OBS was uneventful, but the fifth OBS, Al, which was at depth of 1595 m did not release the anchor. Instead of the expected sequence of release sounds (pings) there were random pings, due probably to multiple reflections of the transmitted signal. After a 1.5 hour long attempt the entire length of the transducer cable (30-40 feet) was lowered and the anchor released immediately. Since the bathymetry is flat, it is hypothesized that the the multiples reflect off the thermocline or a more shallow boundary within the water. A similar problem was encountered in the release attempt of the last OBS, A3, so the transducer was lowered to the maximum cable length and the OBS released immediately and retrieved at 18:37 LT. The Titov then headed to Listvyanka as the main generator on the ship no longer functioned due to a broken lever arm. The scientists on the Balkhash requested another deployment across Posol'sky Bank but the captain of the Titov refused to continue working with only one generator. With one (small) generator the power supply to the GPS clock and other electronic equipment became unstable. A sixth deployment was therefore cancelled. Titov arrived at Listvyanka at 9/23 05:45 LT, and demobilization of the equipment on board was completed 10 hours later.
RECOMMENDATIONS
The biggest problems revolved around the acoustic release equipment. The power supplies for the deck electronics need to be replaced with units that are not as susceptible to noise as the existing units. Five of the eight OBS's use the newer releases electronics, while the remaining three still use the older electronics. Since there is no compatibility between the two systems, all of the OBS's need to be converted to use the newer releases. Boards also need to be purchased to provide spares.
Currently, a release failure means that the OBS can no longer be used.
Another problem highlighted in this experiment is the limited use for the small OBS spheres. These OBSs can be deployed in water depth less than 500 m. Water depth in the lake was almost everywhere larger than 500 m. In addition, OBSs deployed at water depth shallower than 100 m tend to suffer from a high noise level due probably to wave action. Therefore, there is a limited use for OBSs in wide shallow shelves. The depth limitation meant that the OBSs could not be Baikal 92 OBS 10 OF-93-7 deployed at even intervals, which adversely affects the interpretation of the data. It is recommended that the small spheres be replaced with larger ones capable of deployment to 5000 m.
The data record time of 36 hours has proven to be only marginal in these type of operations.
Using a sampling rate of 100 samples/second, instead of the current 200 samples/second, would increase the record time to 72 hours. Increasing the hard disk from 200 to 500 Megabytes should also be explored. There is no temperature data on these drives yet, but the new drive could double the record time while preserving the original sample rate.
Bad weather during and after the first deployment prevented any retreival of the OBSs for 5 days. The current battery life will maintain operations for approximately 7 days (although this has to be unequivocally tested in the lab). Using small boats that do not have the rough weather capability makes the seven day limit a poor safety margin. This is especially true in operations where one day is required to deploy, 2 days for shooting the line, and another day for recovery. A 3 day weather delay could be disastrous. The safety margin will also be inadequate if the recording window is doubled or tripled in the near future. The solution that should be explored to solve this problem is to use a low-power temperature-compensated oscillator rather than the current high- This operation illustrates the problems of using the OBS's in a ship-of-opportunity, multiship operations. There is an increasing need for portability and a decreasing availability of facilities for OBS operations. More spares are needed to quickly repair OBS's, since there is usually not enough time to troubleshoot problems between lines. Longer recording times for the OBS's are needed to ease some of the problems in communications. The larger the time window available for shooting, the more adjustments that can be tolerated in the shooting ship's schedule. A small shipping container should be setup to act as a lab to use in situations where lab space is not available.
The plywood lab used on the Titov was too small and unsafe. Instrument location (see map)
Deployment 1
Locations were similar (within ± 50 m) to these of Deployment 2. The line was not shot. Balkhash navigation and source information Navigation on the Balkhash was based on an Ashtech GPS Receiver model XII. The location of the Ashtech antena was 28.5 m forward of the stern of the ship. The distance from the ship's stern to the center of the airgun array was 25 m. The distance to the two large guns was 50 m. The airgun array was towed at a depth of 6 m, and the two large guns were towed at a depth of 25 m.
Shot-instance information was initiated via a hydrophone in the gun array and transmitted as a 5 volt pulse to the navigation computer where is was recorded together with shot location.
OBS Lines 1 (Central Basin) and 4 (Northern Basin) were shot with two 60 liter airguns (total of 7320 cu. in.). These guns were fired at a two minute interval with a pressure of 1600-1700 psi. OBS performance A total of five deployments were carried out during the experiment. On the first deployment OBS A-3 had a failure in it's release prior to deployment. Since the lake bathymetry required the use of large spheres, The release electronics from OBS C-3 was installed in OBS A-3. This meant that 7 OBS's were available for deployment. No other problem were encountered in this deployment.
Shooting of the line did not occur because of bad weather, so the instruments were retrieved and redeployed as quickly as possible. The line was shot on the second attempt. OBS C-l was deployed late due to repair problems in its release (a broken ground wire). On recovery OBS C-4 had no data because of a hard disk failure, and OBS B-l had no data because of an Analog-to-Digital converter failure. OBS A-l require repair of its release circuitry before it could be redeployed. Lines 2 and 3
were deployed at the same time. Unfortunately, line 3 was never shot. All instruments worked without problems. In deploying line 4, OBS C-9 had severe release problems. Since it appeared that the chances for recovery were good, this OBS was deployed anyway. The line was shot, and all seven OBS's were recovered. OBS C-9 failed to record any data as the air test of the release prior to deployment caused a power loss which scrambled the dataloggers memory, losing any programming.
OBS C-l failed to record any data because the connector of the oscillator became dislodged. The deployment operations were done by hand using a block and tackle. On this occasion, the line slipped and the OBS hit the water hard, dislodging the oscillator. OBS C-9 could not be repaired, so it was retired from service. OBS B-l had its hydrophone damaged during recovery (it was replaced by a spare unit). OBS A-l would indicate that it had released when it had not actually released. This turned out to be a frozen bearing on the release clevis which was repaired. It was necessary to reprogram the OBS's three times before line 1A was actually deployed. Eventually six OBS's were deployed, the line was shot, and all six OBS's were recovered. All instruments worked without problems.
Summary of failed or damaged equipment, which need repair:
2 Releases (for OBSs A3 and C9). This OBS experiment was her maiden voyage. Most of the ship's systems performed well although the sixth deployment had to be cancelled because of a problem with the ship's main generator.
The ship was only minimally suitable for the OBS work and for a long cruise. The only lab space was below deck and accessed through a steep and narrow staircase and a long and narrow corridor. Since there was no way to lower the OBS below deck, a plywood shack was built on deck.
The shack covered the only open space on the deck, measuring 2.5 meters by 3 meters. Two doors were built to accommodate the transfer of an OBS inside the lab. The shack had no floor and was flooded when seas were rough or when the deck was washed. The plywood boards were peeling off layers of wood as the cruise proceeded. The structure was held by nails that were driven in at the top of each corner, and ropes were attached from each nail to some fixture on the boat. The ropes helped to keep the box on the deck and kept the box from twisting excessively. A sheet of tarp was tied to the roof to prevent rain from entering the shack. Inside there were two benches. A small one held the dataloggers and a power supply to keep them powered. The other bench held the computer, GPS clock, frequency counter, and the oscilloscope. A VHP radio for communication with the other ship was mounted on the wall. The release deck equipment was stored under the large bench. Two plastic shipping cases were used to keep the batteries and other expendables dry. With an OBS was dismantled inside, there was enough room for two people, as long as they were on friendly terms. The shack was nicknamed the "Winter Palace" for its Spartan accommodation and noticeable lack of heat. Work on the OBS under these conditions was difficult. In addition, the ship could not operate under rough weather for fear that the shack would blow away.
The ship has a forward deck cluttered with winches, a life boat, and various entries and covers to spaces below deck. With the shack, and the anchors, and OBSs on deck, there was little room left for movement during deployment and retrieval. Out of 5 winches located on deck, only one was functional and it was located forward were deployment was impossible. All overboard operations were therefore, carried out by hand using a block and a tackle tied to a boom above the center of the boat. The OBS's anchors had to be strategically located all over the ship to avoid any Baikal 92 OBS 21 OF-93-7 significant list. At the beginning of the expedition, the ship had a bad roll moment from all of the weight sitting high on the deck. This situation improved as the anchors were used up. After each line was deployed, the anchors had to be relocated to redistribute the weight. Security at the dock was a serious problem. Guards were either unavailable or unreliable, and theft was common. This meant that mobilization had to be done all at once, and, once loaded, someone had to remain with the ship at all times.
The crammed living quarters, crowded deck, and small lab were inadequate for a 25tiay cruise with 13 people on board. Fortunately, frequent port and beach stops eased the crowding.
Additionally, the ship's crew was extremely helpful and considerate and kept the ship in good sanitary conditions. The professionalism and enthusiasm of the ship's captain and crew compensated for the difficult conditions and assured smooth and rapid deployment and retrieval of the OBSs.
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